The 
SUMMARY
The ultrasonic Doppler method was employed to time the rapid movements (opening and closure) of the mitral and aortic valves. To exclude signals due to slowly moving structures (heart walls), the Doppler tracing was processed by a filter that eliminated low frequencies. Clear tracings containing two deflections, one due to the opening and the other to the closure of each valve, were obtained. The valvular origin of the deflections was verified by recordings simultaneous with intratardiac pressures in five dogs.
The ultrasonic Doppler tracing was found to be a satisfactory aid in the differentiation of various extra heart sounds in 24 patients. Thus, the second heart sound precedes, the third heart sound follows, and the opening snap is simultaneous with the signal due to mitral opening. The fourth heart sound is simultaneous with the atrial component of the unfiltered Doppler signal. Ejection clicks and systolic clicks are simultaneous with or follow the signal due to aortic opening.
Because of its simplicity and safety, this method used in conjunction with the phonocardiogram should prove helpful in distinguishing the opening snap, third and fourth heart sounds, and certain additional auscultatory phenomena. Signals due to the rapid movements of the mitral and aortic valves were obtained. They are composed of two deflections, one corresponding to the opening, and the other to the closure of the valve. The signal due to mitral valve closure (MC) occurs 0.03 to 0.08 sec after the Q wave and coincides with the major component of the first heart sound. The signal due to the opening of the mitral valve (MO) occurs 0.05 to 0.10 sec after the aortic component of the second heart sound (or the signal due to aortic closure) and near the end of the T wave ( fig. 1B) .
The signal due to the aortic opening (AO) occurs 0.08 to 0.14 sec after the Q wave or 0.04 to 0.08 sec after the signal due to the mitral closure. The signal due to the aortic closure (AC) is simultaneous with the aortic component of the second heart sound and the T wave ( fig. 1A ). fig. 3) . The third heart sound associated with mitral regurgitation, left ventricular failure, or the physiologic S3 followed the signal due to mitral opening (fig. 4) . In three cases with a widely split second heart sound the pulmonic component preceded the signal due to mitral opening ( fig. 5B ).
Timing of Presystolic and Systolic Events
The aortic ejection click observed in two cases was simultaneous with the signal due to aortic opening and followed the signal due to mitral closure by 0.04 to 0.08 sec (fig. 6 ). The first heart sound was simultaneous with the signal due to mitral closure (figs. 1 to 6). The fourth heart sound occurred before mitral closure, and it was simultaneous with the presystolic component of the unfiltered Doppler signal with the transducer placed at the fifth right intercostal space near the sternum ( fig. 7 ). This signal corresponds to atrial contraction.", 12 Differentiation of the Aortic Second Sound from the
Pulmonic Second Sound
In all patients studied we were able to Circulation, Volume XL, August 1969 obtain the signal due to the closure of the aortic valve. Signals due to the pulmonic valve were not consistently recorded. For the detection of signals due to the pulmonic valves, the transducer was placed one intercostal space higher than the corresponding site for the aortic valve recordings.6' 10 In cases with wide but normal splitting of the second sound, the Doppler signal due to aortic closure coincided with the first component of the second heart sound ( fig. 5A ), while in cases with left bundle-branch block with paradoxical splitting it coincided with the second component of the second heart sound ( fig. 8A ). Further identification of the components of the second heart sound was obtained by the carotid tracing and by observing the effect of inspiration on the phonocardiogram and the Doppler tracing.
Discussion
The ultrasonic Doppler method was first introduced in cardiology by Satomura,5 and applied by Yoshida, Nimura and their associates,160 for the detection of rapid valve movements in the analysis of the cardiac cycle in normal subjects and patients with left ventricular overloading, mitral valve disease, hypertension, and other clinical disorders. Verification of the valvular origin of the signals was obtained by utilizing the site of application and direction of the transducer on the exposed dog heart, the phonocardiogram, and from simultaneous recordings of the Doppler tracing with the ultrasonic echogram from the same target. Opening snap in a 53-year-old male with rheumatic mitral stenosis of moderate degree and mild mitral regurgitation. Note that the opening snap (OS) coincides with the Doppler signal due to mitral opening (MO). Time it from the third heart sound which follows it and from the second component of a widely split second heart sound which precedes it. The validity of this procedure was proven by its utilization in cases in which the clinical diagnosis was verified by cardiac catheterization. Differentiation of these early diastolic sounds on the basis of the S2-SS interval alone is not always possible. ' The signal due to aortic opening may be used for the differentiation of the first heart sound which precedes it from the ejection clicks and systolic clicks which occur simultaneously with it or follow it. Distinction be- the second heart sound may be made by the use of the Doppler signal due to aortic closure which is simultaneous with the aortic colmponent of the second heart sound.
Fourth heart sounds and atrial gallops are simultaneous with the atrial component of the unfiltered Doppler tracing which depicts movements of the atria.", 12
Because of the simplicity of application, this method is useful in the study of certain auscultatory phenomena and promises to become a useful adjunct to the methods employed in phonocardiography.
and its relationship to hemodynamic events within the left heart. Brit Heart J 27: 829, 1965. 
